
I ’ 

and GAS DIVISl3N 1 
WELL COMPLETION REPORT 

Bridgewater Bay No. 1 

1 
I 

0 7 JkiNT984 

PHILLIPS AUSTRALIAN OIL COMPANY 
PERTH, WESTERN AUSTRALIA 



7 ---- -., - I --_--- _ _ 

WELL COMPLETION REPORT 

Bridgewater Bay No. 1 

0 7 JiJN T984 

Phillips Australian O il Company 

June, 1984 



CONTENTS 

SUMMARY . . . 

Drilling . . . 
Geology . . . 

INTRODUCTION . . . 

DRILLING . . . 

a> Well History . . . 
b) General Data . . . 
d Drilling Rig Data 
d) Time Analysis . . . 
e> Drilling Performance 
f> Casing and Cement 
s) Leak-off Tests . . . 
h) Drilling Fluids 
i> Fishing . . . 
j) Overpressuring . . . 
k) Abandonment Status 

4. GEOLOGY* . . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

a> Summary of Previous Investigations* 
b) Regional Geology* . . . . . . 
c> Stratigraphy* . . . . . . . . . 

-. Tertiary . . . . . . . . . 
. Cretaceous . . . . . . . . . 

d) 
e> 
f> 
d 

Well Correlation* . . . .  l .  

Seismic Marker Identification* 
Structure* . . . . . . . . . 
Relevance to the Occurrence of Hydrocarbons* . . 

h) 

. Hydrocarbon Indicators . . . 

. Porosity and Permeability . . . 1:: 1:: 

. Source Rock Potential . . . . . . . . . 

. Summary of Hydrocarbon Significance . . . 

Contributions to Geological Knowledge* . . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

Page 

1 

1 
3 

5 

6 

6 
10 
11 
13 
15 
20 
23 
24 
30 
31 
34 

36 

36 
37 
39 

40 
43 

48 
51 
52 
54 

54 
54 
57 
61 

63 

*Interpret/(Live and Confidential Data 



LIST OF FIGURES 

Figure 

1 

2 

3. 

4 

5 

6 

7 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Locality Map 

Pressure Gradient/Overpressure Plot 

Abandonment Status 

Tectonic Elements* 

Anticipated Versus Actual Stratigraphy* 

Stratigraphic Table* 

Generalized Geologic Cross-section Along Seismic Line OP80-43* 

Structure Contour Map (Brown Horizon - Intra Sherbrook)* 

Structure Contour Map (Orange Horizon - Top Otway Formation ?)* 

Migrated Seismic Section Along Line OP80-43* 

Geologic Section Along Seismic Line OP80-30-k 

Structure Countour Map (Orange Horizon - Top Waarre Formation)* 

Sandstone Porosity versus Depth* 

Vitrinite Reflectance versus Depth* 

Temperature versus Depth* 

LIST OF TABLES 

Table 

1 Bit Record 

2 Totco Survey Summary 

3 Casing and Cement Record 

4 Leak Off Record 

5 Mud Properties 

6 Mud Materials 

7 Mud Cost 

8 Correlation with Voluta No. 1 and Discovery Bay No. l* 

*Lnterpretat ive and Confidential data 

(ii) 



LIST OF ENCLOSURES 

Enclosure 

1 Operational Summary 

2 Mud Log (Geoservices Masterlog) 

3 Geologist's Litholog* 

4 Composite Log* 

5 Seismic Depth Section Along Part of Seismic Lines OP80-43* 

6 Computer Log Analysis Plots* 

LIST OF APPENDICES 

Appendix 

1 

2 

3 

4 
-_ 5 

,6 

7 

8 

9 

10 

Government Approvals 

Daily Drilling Summary 

Detailed Cuttings Descriptions 

Sidewall Core Descriptions 

Micropaleontological Report 

Palynological Report 

Basic Hydrocarbon Source Rock Potential Analysis of 
Bridgewater Bay No. 1 Sidewall Core Samples* 

Source Rock Potential Analysis of the Bridgewater Bay No. 1 

Well (Phillips Petroleum Company - Confidential)* 

Log Analysis 

Dipmeter Interpretation* 

LIST OF ADDENDA 

Addenda 

1 Offshore Navigation Report 

2 Geoservices Well Report 

3 Well Velocity Survey 

4 Synthetic Seismogram Report* 

*Interpretative and Confidential Data 

(iii) 



APPENDIX NO. 7 

BASIC HYDROCARBON SOURCE ROCK POTENTIAL 

ANALYSIS OF BRIDGEWATER BAY No. 1 

SIDEWALL CORE SAMPLES* 



PETROLEUM GEOCHEMISTRY 
HYDROCARBON SOURCE ROCK 

EVALUATION STUDY 

BRIDGEWATER BAY NO. 1 

Prepared for 

PHILLIPS AUSTRALIAN OIL COMPANY MARCH, 1984. 

ANALABS 
A Division of Macdonald Hamilton 8 Co. Pty. Ltd. 

52 MURRAY ROAD, WELSHPOOL, W.A. 6106. 

Telephone (09) 458 7999 Telex: ANALAB AA92560 



HYDROCARBON SOURCE ROCK 

EVALUATION STUDY 

BRIDGEWATER BAY NO. 1 

SUMMARY 

Organic geochemical analyses performed on well cutting 
samples between 1130m to 4200m in the Phillips Australian 
Oil Company, Bridgewater Bay No. 1 well drilled in 
Vie-P-14 offshore Victoria, Australia in the Otway Basin 
have indicated: 

0 The rocks from 2800m to 3200m are marginally mature and 
considered to be in the initial stages of petroleum 
generation. Reliable maturity data is unavailable for 
the remaining intervals penetrated by this well, however, 
we suspect that the maturity at the bottom of the 
well does not exceed oil generating maturation levels. 

0 The rocks between 2700m to 3550m have an overall poor 
oil and gas source character with marginal to moderate 
hydrocarbon source potential at 2700m, 2945m and 3050m. 

0 The rocks below 3550m are contaminated with an oil base 
mud additive, which has affected the total organic carbon 
and pyrolysis results. The Cl-C7 light hydrocarbon 
results appear to be unaffected, however the values are 
low and indicate these rocks have poor oil and gas 
generating capabilities. 

PAUL TYBOR 



INTRODUCTION 

Organic geochemical analyses have been performed on well 
cutting samples between 1130m to 4200m in the Phillips 
Australian Oil Company's Bridgewater Bay No. 1 well, 
drilled in Vie-P-14 offshore Victoria, Australia in the 
Otway Basin (38O 32'26'5; 141° 21'48"E). 

The purpose of this study has been to evaluate the hydrocarbon 
source quality (oil vs gas), richness and state of thermal 
maturity (pre oil, oil-generative, post oil-generative) of 
the rocks analysed from this well. 

Analytical 

The samples from this well were assigned the Analabs Job 
Number 31840. A total of two hundred and seventy-seven (277) 
wet canned well cuttings were submitted to Cl-C7 light 
hydrocarbon head space gas chromatography. Another thirty-one 
(31) samples, which were picked and high graded by Phillips 
personnel, were analysed by % total organic carbon and Rock- 
Eva1 pyrolysis analysis. Four (4) samples were chosen for 
vitrinite reflectance, and these were sent to David Marchioni 
and Associates for assessment. 

The results of these analyses are presented in the following: 

Type of Analysis Figure Table 

Cl-C7 light hydrocarbon head space gas 1 1 
chromatography 

% total organic carbon determination 

Pyrolysis analysis 

Vitrinite reflectance and coal maceral 
description 

2 

2 

LL3 



A description of the various analyses performed on these 
samples is provided in the Theory and Methods section, 
located at the rear of this report. 

General Information 

Copies of this report have been sent to Mr. Dave Murray 
of the Phillips Australian Oil Company in Perth, Western 
Australia. Any questions regarding the data or interpretations 
given herein may be directed to either Mr. Paul Tybor or Dr. 
Garry Woodhouse of Analabs, Perth, Western Australia. 

All of the contents contained in this study are considered 
proprietary to the Phillips Australian Oil Company, and are 
treated as highly confidential material by all Analabs 
personwl. 



RESULTS AND INTERPRETATIONS 
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A. Thermal Maturity of Sediments 

The maturity data available for samples from this well are 
limited due to apparent poor quality organic matter,within the 
sediments,and contamination added to the drilling mud. 

Vitrinite reflectance was performed on four samples at 2800m, 
3200m, 3600m and 4200m, with only the two samples at 2800m 
and 3200m containing measurable vitrinite. Both samples gave 
marginally mature reflectances (0.55 % Ro and 0.53 % Ro; 
Figures 1, 2 and 3), which places these rocks in the initial 
stages of petroleum generation. 

Tmax pyrolysis temperatures were obtained from thirty-one (31) 
picked cuttings samples. The temperatures in the contaminated 
zone below 3600m are interpreted to be unreliable due to this 
contamination. In the overlying uncontaminated section the 
temperatures vary greatly, without any recognisable maturity 
trend present. The pyrograms illustrate very erratic S2 
peaks, the peak at which Tmax is recorded, which we interpret 
to be due to the poor quality organic matter present in these 
samples (ie. reworked, inertinite). 

In summary, the sedimentary section penetrated by this well, 
has probably experienced a low degree of thermal maturation, 
based on the marginally mature % Ro values obtained at 2800m 
and 3200m. Below these depths we can only speculate on 
the maturity of the rocks, however, we feel that the 
sediments do not obtain levels much higher than marginaJly/ 

moderately mature, and would be within the top to middle 
portions of the oil window. 



B. Hydrocarbon Source Characterisation 
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Due to the drilling mud contamination present in the samples 
below 3600m, it is difficult to determine -he hydrocarbon 
source rock character of these sediments. However, the 
Cl-C7 light hydrocarbon headspace gas chromatography data 
does not appear to have affected, as has the % T.O.C. and 
pyrolysis data. This gas data is low (Figure 1; Table l), 
and consequently we interpret these sediments have poor 
hydrocarbon source rock characteristics. 

The samples in the uncontaminated section contain good amounts 
of organic matter (>l.O% T.O.C.; Figures 1 and 2; Table 2), 
but the quality appears to be low due to the overall low 
hydrogen index values observed (Figure 2; Table 2). As a 
result, the potential yields are low (Sl+S2; Figure 2; Table 

21, which gives these sediments an overall poor hydrocarbon 
source character. The samples at 2700m, 2945m and 3050m, have 
moderate hydrogen index values, with marginal to moderate 
potential yields. 

In summation, the sediments between 270Om to 3600m have overall 
poor oil and gas source potential, with thin zones at 2700m, 
2945m and 3050m having marginal to moderate oil and gas 
potential at higher levels of thermal maturity. 
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TABLE 1 

YELLNAHE = PRIDGEWAJER BA’r’ :l DATE OF JOB = JANUARY 1984 

HEADSF'ACE ANALYSIS DATk 

DEPTHiri HE JHtiNE 
1130.0 157.7 
1140.0 l&i*: 
115ir.o 721.1 
1160.0 l&4.3 
1170.0 311.2 
1180.0 1072.3 
1190.0 934.6 
1200.0 237.8 
1210.0 246.6 
1223.9 87.9 
1236.0 145.6 
124G.O 002.2 
125CI. 0 479.5 
li&(!* 0 2014.1 
1;;i:. ii 1723.1 
ii&J. 0 1457.5 
13 10, (:, 115.0 
134G.O 115.8 
1 3 7 !:!. <I 123.2 
14!;11j. lj 47.9 
143il. !.! lbb.5 
146U # i) 75.7 
14Kl.O 120.5 
15%. iJ lO6.9 
152cf. c 2315.6 
lzirj, 0 183.6 
158(?, 3 290.4 
1 oh. 0 set.4 
1&3?1. ii 7.6 
1641j.G liJ.4 
1 &&it. s 14.0 
1&7i).O 6.7 
l&&h, 0 9.6 
1tJJir.O 7.9 
17OL.O 12.3 
171O.i) li.9 
172O.O 6.9 
173ir.Q 11.4 
174if. 0 27.7 
175iJ.o 23.4 
1760.0 18.8 
1770.0 20.7 
1m. 0 16.3 
1790.0 17.1 
18Oil. 0 27.5 
1810.0 27.9 
1820.0 13 .5 
163V.r;r 43.7 

ETHitNE 
9. 9 
0.5 

14.3 
1.4 
1.8 
1.5 
6.2 
il. 9 
1.3 
6.6 
iJ. 6 
2.2 
1 * (! 
il. 5 
0.7 
il.5 
l.? 
iJ. 8 
7 &I 1 
7 L. 1 
CI Lm 6 
t. i. 1 
1 7 ..: 
7 - 
i*L 

3.7 
2.i 
0.9 
1.1 
1.6 
1.8 
1 T 
7’; Ls 
L.9 
2.4 
p. t i.LJ 
4.2 
1 = *J 
1: 
5:; 
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9.? 
5.5 
2.9 
3.2 
3.6 

15.7 
11.9 

PROPtiNE 
il. 5 
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8.6 
0. 7 
6, 9 
0. 7 
6' .3 
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il. 4 
0. 4 
0. 3 
6. 7 
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il. 4 
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?. i. 5 
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"2 
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I Sdsl'WfE 
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, . . ‘, ‘2 I 1 
iJ. 5 
6.5 
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0. 4 
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6. 3 
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Cl-C4 
159.8 
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461.1 
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15.8 
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15.4 
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io. 1 
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1.4 
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2.7 
3.2 
2.6 
0.7 
1.6 
* r 
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1 . c 
1 t 

1:; 
1.4 
1.1 
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3.! 
-2 7 i*tJ 
3.7 
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7 3 . 4 
1.5 
1.4 
4.4 
5.4 
5. i 
9.3 
8.6 
7.4 
6.8 

13.0 
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WETNESS 
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,a 
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.4 
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.9 
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.3 
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c .J 
-J 
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26.6 
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46.5 
41.8 
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27.7 
30.2 
27.6 
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5b.4 
51.8 
39.6 
24.9 
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c5-c7 
(6.1 
(6.1 
(il. 1 
(0.1 
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c> 0, 1 
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45,; 

lh.4 
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- -8 3L. 4 
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4.3 
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6.9 
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1.83 
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bdl 
bdi 
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bdl 
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2.0; 

bdl 
tdi 
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ii.86 
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0.53 
0.55 
0.22 
0.51 
1,24 
1.05 
1.84 
1.81 
0.90 
0.15 
0.15 
0.2: 
". -9 ,:, 
;: $ 

N.b. 1. 6kS CONCENTRATIONS EXPfiESSED IN PPH (VOL. GAWOL. SEDIHENT) 
2. bdl = BELOW DEJECTION LIHIT 



TABLE 1 (conti 

WELLNkHE = BR IDGEWATER BAY I1 DATE OF JOB = JANUARi 1984 

HEtXSPirCE ANALYSIS D~J~I 

DEFTHim) 
1646.0 
1650.0 
16bG. G 
1673.0 
166(J.6 
189ir.G 
1966.0 
1910.0 
192G. 0 
1930.0 
194it.O 
195ti.il 
196G. 6 
1970.0 
198G.O 
lF9G.O 
2OOiJ. 0 
2Olii.G 
2020.0 
2030. 0 
2G4CJ.G 
2350. 0 
I’iJc\<J. 0 
2070.0 
206i~.ii 
2090.0 
2095.0 
2126.0 
2130. 0 
2143.0 
2150.0 
iitdJ. 0 
217ii.0 
2160.3 
2190. iI 
22GiJ. 0 
22lG. i! 
2226.0 
223o.c 
2240.0 
2250.0 
2260.0 
2276.0 
228G.0 
229i1.G 
23Gir. 0 
231it.G 
2320.0 

METHANE E JHiiNE FROFANE 
23.3 16.6 13.2 
9.3 15.4 10.9 

11.2 6.4 4.3 
15.4 13.6 9.8 
26.3 16.9 8.6 
13.1 10.1 7.3 
15.6 10.8 7.5 
2;.5 10.0 7.8 
26.0 16.6 13.2 
26.6 7.3 4.b 
27.1 12.6 9.2 
12.5 3.9 1.8 
62.3 36.1 20.7 
56.6 41.5 22.9 
44.5 46.6 12.3 
29.8 12.9 7.5 
53.9 16.7 7.2 
49.1 14.1 6.6 
36.9 10.2 5.6 
51.4 12.4 6.8 
42.9 7.8 4.1 
4il. 0 10.1 6.4 
45.9 1G.b 6.1 
45.7 9 r. 

11:; 
5.3 

6G.O 5.7 
61.9 15.5 7.9 
76.0 19.9 14.4 
16.9 4.4 2.9 
3b.4 4.6 3.3 
5tJ, (1 5.3 3.2 
46.5 6.5 3.7 
11.9 2' l J 1.4 
17.9 3.6 1.9 
64.3 7.5 5.4 
77.6 9.1 5.4 
75.1 8.6 4.9 

134.2 11.6 6.0 
65.3 7.2 4.4 

111.7 14.0 6.1 
279.3 36.5 15.8 
369.6 36.3 13.6 
427.. 1 45.7 17.3 
443.1 46.3 16.4 
423.9 36.9 15.8 
476.1 46.3 17.9 
695.7 52.4 17.8 
912.5 56.2 12.2 
453.7 44.2 14.0 

I SOBUTANE 
3.2 
2.4 
1.0 
2.8 
3.1 
2.6 
3.7 
3.6 
6.0 
:2 &. 
3.6 
0.b 
6.5 
;5 I . 
3.7 
: 7 L* n 
7 4 
iI& 
2.2 
2.6 
2.1 
2.b 
2.b 
2.3 
7 3 
;:a 
6.2 
1.6 
2.0 
2.0 
2.2 
0.6 
G.7 
3.7 
2.1 
2.0 
2.3 
2.1 
2.2 
4.7 
3.0 
3.5 
3.6 
3.0 
3.1 
2.9 
1.9 
2.4 

BUTdNE Cl-C4 cz-c4 
1.3 57.6 34.3 
1.2 39.1 25.8 
0.4 23.3 12.2 
1.3 42.2 26.9 
1.7 44.6 24.3 
1.2 34.5 21.4 
1.8 39.3 23.6 
2.3 47.1 23.6 
3.5 65.3 39.3 
1.0 41.9 15.1 
1.9 54.8 27.7 
g.2 16.9 6.5 
2.6 128.4 hi.1 
3.6 132.1 75.4 
1.4 1irB.b 64.1 
1.2 54.2 24.3 
1.0 81.3 27.4 
1.3 73.6 24.5 
1.1 57.9 19.0 
1.2 74.6 23.2 
1.1 57.9 15.6 
1.3 60.4 20.4 
1.3 66.5 2il. b 
1.5 64.1 16.5 
1.1 lGG.5 2i~.5 
1.4 109.5 27.6 
2.9 121.4 43.4 
0.9 28.? 9.6 
1.2 47.7 11.4 
1.3 &la& 11.8 
1.2 62.0 13 .5 
iJ. 4 lb.6 4.9 
G.6 24.6 6.9 
1.4 82.3 16.3 
0.9 95.2 17.6 
0.9 91.4 16.3 
1.1 l&G. 3 21.1 
1.3 66.2 14.9 
0.9 134.9 23.2 
2.3 338.6 59.3 
G.9 364.9 55.3 
1.2 494.9 67.8 
1.2 512.7 69.6 
6.9 482.5 58.6 
1.3 546.7 70.6 
1.6 769.7 74.1 
0.6 977.4 64.9 
il. 9 515.3 61.5 

XWETtiESS c5-ci 
55.6 
76.2 
52.1 
63.6 
54.5 
61.9 
bG.4 
5u. 1 
60.2 
30.0 
50. b 
34.2 
51.5 
57.1 
59.0 
44.9 
33.7 
33.3 
32.6 
31.1 
‘i= AJrn 9 
33.7 
31.3 
28.8 
20.4 
25,3 
35.7 
34.1 
23.8 
19.1 
21.8 
3.0 
27.7 
21.9 
16.4 
17.9 
13.2 
16.b 
17.2 
17,s 
15.1 
13.7 
13.6 
12.1 
12.9 
9.6 
6.6 

11.9 

1.0 
1.4 
0.2 
2.4 
4.8 
1.8 
2.9 
6.7 

12.7 
3.11 
3.5 
0.4 
3.2 
5.5 
1.4 
1.5 
3.0 
5.0 
2.8 
3.ti 
4.5 
3. iJ 
2.4 
1.6 
2.8 
3.2 
4.9 
3.4 
3.6 
3.4 
3.3 
5.0 
7.1 
2.0 
17 . . 
1= 
2:; 
2.1 
2.4 
4.2 
1.3 
2.0 
2.1 
1.2 
1.3 
1.2 
0.7 
1 i . . 

i-C4/n-C4 
2.50 
2.iJ2 
2.45 
2.10 
la79 
2. lo 
2.00 
1.57 
1.74 
2.21 
2.61 
L.42 
2.3b 
2.10 
2.5 
2.20 
2.36 
2.G5 
2.0; 
2.31 
1.90 
2.11 
1.96 
1.54 
2.14 
1.9; 
2.16 
1.72 
1.7iJ 
1.57 
1.61 
1.36 
1.2u 
2. ii, 
2.23 
2.15 
2.0; 
l.b6 
2.3i 
2.09 
3.2G 
2.90 
2.96 
3.23 
L. ‘I 4i 
2.99 
3.22 
2.03 

N.B. 1. 6AS CONCENTRkTIONS EXPRESSED IN PPH (VOL. GAWOL. SEDIHENJ) 
2. bd1 = BELOW DEJECTION LIHIT 



WELLNAHE = BRIDGEWfrTER BAY #I 

TABLE 1 (cant 1 

HEADSPkCE ANkLYSIS Di’ilk 

DATE OF JOB = JANUARY 1984 

DEFTHim) HETHkNE ETHANE 
233%. o 583. fl 62.6 
2335.0 1516.8 200.4 
2350.6 490.0 84.9 
2300.0 566.1 87.3 
23711. G 643.3 126.4 
238G. 0 637.9 111.9 
2390.0 1343.6 118.8 
2400.0 1731.a 191.5 
24lii.O 1575.9 126.3 
2420.0 1037.7 15l.b 
2430.6 546.4 111.9 
2440.0 283.8 55.4 
2450.3 263.1 52.4 
2460.0 490.6 86.6 
2470.0 118.1 24.7 
2400.0 219.4 22.6 
2496.0 673.5 97.5 
25g. (I 353.4 55.2 
2510. ci 552.2 86.3 
2520. ir 635.3 89.5 
2530. (r 477.5 bl.3 
2540.0 427.9 63.4 
255(j. (I b16.9 77.6 
i560.0 413.8 58.9 
2570. ij 649.7 62.9 
25m. 1:1 554.6 73.7 
2590.0 801.9 117.3 
2600,O 668. b 126.8 
2610.0 lG97.1 159.6 
2&2(i.O 1122.0 152.8 
2630.0 837.0 101.3 
2640.0 492.1 74.6 
265rJ. 0 476.3 68.1 
2660. il 203.6 27.0 
2670.0 627.7 57.8 
i&SO. 0 1042.5 163.3 
2690. iJ 1842.1 382.5 
2700.0 362.6 5b.b 
27lQ. 0 1090.4 174.8 
2720.0 1339.7 195.6 
2730.0 759.1 126.8 
2740.0 1162.7 138.2 
2750.6 892.7 80.7 
2ibO.O 1437.9 149.6 
2779.0 1399.0 112.6 
2780.0 2239.1 177.5 
2790. it 1697.1 94.1 
ieocl I ir 1349.2 8i.2 

PROPANE 
lb.8 
97.4 
23.5 
21.8 
39.6 
42.6 
51.9 
76.b 
56.3 
73.1 
54.0 
27.6 
25.9 
45.7 
C,= LJI 6 
17.3 
63.9 
45.7 
71.9 
bid 6 
36.0 
53.7 
65.9 
51.7 
49.2 
64.1 

107.7 
96.7 

108.3 
95.1 
78.0 
39.0 
67.5 
30.6 
47.0 
81.3 

469.0 
63.2 

169.7 
149.2 
160.0 
107.9 

51.2 
118.b 
69.2 

103.9 
59.0 
64.8 

ISOBUTAHE 
2.b 

15.9 
3.6 
3.3 
6.5 
9.5 

14.8 
20.3 
lb.7 
20.0 
1’ 5 b’ . 
9.& 

10.0 
18.5 
13.8 
8" 

,?I; 
22.0 
2l.i 
14.8 

6.7 
13.7 
15.G 
la.3 
18.4 
21.6 
32.5 
29.9 
31.3 
25.8 
CL, LO, 1 
18.8 
26.6 
13.3 
19.2 
31.4 

191.0 
27.4 
64.7 
53.0 
36.7 
35.0 
16.2 
35.9 
25.6 
36.0 
21.0 
25.7 

BUTANE 
0.9 
6.7 
1.2 
1.1 
2" 
3:; 
6.6 
7.5 
5.8 
6.7 
4.6 
3.7 
3.8 
6.7 
6.0 
4.0 

11 .5 
11.1 
25.0 
18.7 

6.9 
18.b 
26.6 
13.8 

9.4 
14.9 
29.0 
23.8 
23.4 
21.5 
20.0 
14.3 
l&.9 
9.b 

13.1 
20.4 

146.9 
18.7 
36.5 
28.3 
21.3 
28.5 
17.2 
53.6 
30.4 
25.5 
lb.2 
17.1 

Cl-C4 lx-c4 
bob.5 8L.9 

1845.3 328.5 
&03.2 113.2 
673.6 113.5 
818.2 174.8 
805.2 l&7.3 

1534.6 191.6 
2027.7 290.0 
1781.1 265.1 
1289.1 251.4 

730.3 183.9 
360.1 96.3 
355.2 92.1 
b47.4 157.4 
188.2 iii. 2 
271.6 52.2 
873.5 2OO.G 
487.3 133.9 
757.2 2iG.O 
8lW 183.6 
5m.3 110.8 
577.3 149.4 
79&.il 185.1 
556. b 142.8 
785.7 139.9 
X8.9 174.3 

1088.5 2&b. b 
1139.7 271.1 
1419.7 322.6 
1417.2 295.2 
10b2.3 225.3 
638.9 146.8 
657.5 181.2 
284.1 BO. 5 
764.8 137.1 

1278.9 236.4 
3033.4 1191.3 
528.5 165.9 

1536.2 445.8 
1765.9 426.2 
1043.9 284.8 
1472.3 309.6 
105&. il 165.3 
1795.5 357.7 
1636.8 237.8 
2582.0 342.9 
1887.3 19il. 2 
1544.1 194.9 

IWETNESS 
12.4 
17.6 
18.8 
lb.8 
21.4 
20.8 
12.5 
14.6 
11.5 
19.5 
25.1 
25.3 
25.9 
24.3 
37.3 
15.2 
22.9 
27.5 
27.1 
22.4 
l&.8 
25.9 
'3.3 
i5.7 
17.7 
is. 9 
2b.3 
3' A. 3 n E 
22.7 
20.8 
21.2 
23.i' 
27.6 
28.3 
17.5 
18.5 
35.3 
31.4 
25.0 
24.1 
27.3 
21.0 
15.6 
19.9 
14.5 
13.3 
!I!. 1 
12.6 

CS-Ci i-C41’n-C4 
1.1 i.73 
5.6 T. 1’ A..1 
1.6 2.6a 
1.6 3.02 
2.7 2.95 
3.3 i.C<l 
5,9 2.45 
6.3 2.71 
4.6 i.B& 
5.7 2.97 
5.3 2.92 
5.4 L.0 

r, ‘2 
4.9 2.64 
6.0 2.70 

12.4 2.30 
10.6 2.05 
25.1 2.35 
35.3 1.99 
34.7 G.67 
21.3 0.79 

2.9 0.96 
18.8 6.74 
2t.5 il. 56 
17.5 1.33 
12.8 !.?a 
15.7 1.45 
26.4 1.12 
10.i 1.26 
15.2 1.34 
14.7 1.20 
19.6 1.31 
18.3 1.31 
36.0 1.41 
19.9 1.38 
26.6 1.40 
35.2 1.54 

275.6 1.28 
38.8 1.47 
52.9 l.?i 
36.6 1.87 

l  20.2 1.x 
32.7 1.23 
17.4 6.94 
69.8 0.6' 
39.5 0.84 
45.a 1.41 
25.1 1.X 
37.i 1.S 

N.B. 1. MS CONCENTRATIONS EXPRESSED IN PPII (VOL. GASiVOL. SEDIHENTi 
2. bd1 = PELOW DETECTION LIHIT 



WELLNAHE = BRIDGEWATER BAY I! DATE OF JOB = JANUARY 1984 

-, 
I. 

DEPTHiri HETHANE ETHANE PROPANE 
2813.0 913.6 5&,3 37.0 
282ii.6 1314.2 87.9 62.8 
2890.0 151O.B 165.3 78.3 
2900.0 1852.2 231.8 113.5 
2910.0 875.6 127.5 77.7 
i92ir.0 1556.7 187.6 101.5 
2930.0 1856.5 234.5 132.3 
2940.6 1170.8 179.9 114.0 
2950.0 1168.3 191.1 116.8 
2960.0 1254.0 211.0 118.7 
2976.0 1183.6 129.6 62.7 
29Bil.0 1068.5 135.8 71.8 
2990.0 832.0 126.8 70.2 
joo(jr. (1 1296.2 214.4 110.9 
3010.0 1709.8 232.9 1Ob. 5 
j(Q(l l (j 1574.7 191.9 93.9 
3030. 0 1392.1 174.9 86.0 
~040.0 750.9 110.1 61.7 
3050.0 915.1 143.5 78.5 
3060.0 847.7 90.6 43.1 
3076.0 749.6 95.0 53.8 
3ireo.o 987.6 101.0 48.2 
3090.0 1393.4 lO!.5 39.9 
jJii0.Q 1222.9 116.9 55.1 
3110.0 1146.4 13e.4 76.7 
3120.0 461.2 53.3 47.0 
313O. O 568.3 74.9 55‘3 
3 14 i:r .0 766.9 9B.B 77.1 
3150.0 707.9 52.2 71.9 
31b0.0 815.1 83.3 56.8 
3170.0 8bB.G 110.3 98.4 
318G.O 801.9 85.4 76.5 
319ij. 0 813.8 109.9 105.4 
3260.0 95‘8.9 126.5 150.3 
32li1.0 1211.5 193.7 190.5 
3220.0 709.4 95.6 7ci.o 
323b.O 897.9 112.9 86.4 
3243,ii 887.0 111.0 76.2 
3250.0 577.4 94.2 74.1 
3266.0 607.2 101.4 83.8 
3270.0 507.0 86.6 75.9 
3283.0 1211.4 167.3 124.0 
329ci.6 1440.3 176.1 139.4 
3300.0 1435.2 219.3 212.7 
331o.(:r 1150.9 143.2 145.6 
3326.0 1266.4 150.5 138.4 
333b.G lO08.6 167.2 251.7 
x40.0 720.8 91.1 95.4 

TABLE 1 (cant) 

HEADSFACE ANALYSIS DATA 

I SOBUTANE 
13.3 
2il. 9 
20.6 
28.4 
21.5 
25.8 
32.2 
26.3 
21.2 
li.3 
8.7 
9.2 

11.0 
16.7 
16.4 
20.3 
20.3 
14.2 
lb.8 
9.7 

13.7 
10.6 
J i! , (I 
lb.8 
24.4 
17.3 
19.2 
26.6 
26.0 
21.2 
-c - 3J. I 
26.5 
41.9 
&G. 5 
il4.1 
26.1 
j 1.0 

27.2 
20.2 
29.6 
29.2 
40.4 
48.1 
73.9 
46.5 
42 2 
9215 
‘7 - 3L.i 

BUTANE 
8.9 

18.7 
lG.O 
14.9 
15.4 
15.7 
26.1 
26.3 
20.1 
15.7 

8” 
8:; 

10.6 
15.b 
13.4 
13.5 
12.1 
10.1 
12.6 
6.5 

10.9 
8.5 
6.7 

10.9 
14.3 
9.0 

10.9 
14.6 
12.4 
9.8 

20.5 
15.1 
22.6 
34.6 
38.7 
14.7 
lb.4 
14.1 
13.3 
15.8 
15.7 
21.5 
26.7 
45.9 
28.8 
24.2 
70.2 
19.7 

Cl-C4 C2-C4 ZWETNESS 
1025.1 115.4 11.2 
15O4.5 193.3 12.6 
1785. ii 274.2 15.4 
2240.8 388.6 1!,3 
1117.7 242.1 21.7 
1887.3 330.6 17.5 
2231.5 425.0 18.6 
1519.3 348.5 22.9 
1517.5 349.2 23.0 
1616.7 362.7 22.4 
1392.7 209,l 15.0 
1295.2 225.! 17.4 
105O.b 218.6 20.8 
lbS3.8 357.6 21.6 
2Oel.O 371.2 17.8 
1894. Z 319.6 16.5 
lilb5.4 293.3 17.4 
947.0 196.1 20.7 

1170.5 251.4 21.5 
997.b 149.9 15.0 
92;.(I 173.3 18.8 

1156.1 lbB.5 14.6 
Jjfi7.5 164.1 10.5 
1426.6 203.6 14.3 
1402.2 255.8 18.2 
587.8 126.7 21.5 
728.0 l&G.; 22.0 
984.6 217.1 22.1 
916.4 202.5 22.2 
986.2 171.1 17.3 

1132.5 264.9 23.4 
1007.4 205.6 20.4 
105’: f J* L 275.E 25.b 
JjT(t, < 372.0 27.1 
1703. i, 492.G 28.5 
923.8 214.4 23.2 

1145.1 247.2 21.6 
1115.6 226.6 20.5 

785.1 2G7.7 26.5 
837.S 236.6 i7.5 
714.4 X17.3 29.0 

1564.5 353.2 22.6 
1630.7 390.4 21.3 
1986.9 551.7 27.8 
1516.4 365.5 24.1 
162l.i 355.3 21.9 
1590.2 581.6 36.6 
959.0 238.3 24.8 

c5-c7 
14.6 
31.2 

6.1 
9.0 

10.2 
10.0 
16.6 
17.9 
15.9 
14.2 

5.3 
7.4 
8.3 
9. ij 
7 * il 
7.4 
7.9 
7.1 
6.9 
3.5 
7.5 
7.5 
5. 2 
6.5 
5 . ‘i l L 

5’ 
7:; 
8.7 
5.2 
7.6 

14.6 
1l.O 
lb.7 
28.4 
28.4 
1l.i 
13.1 
11.5 
9’ 

ii:,” 
12.1 
12.i 
19.0 
31.8 
19.0 
13.4 
4ti.c 
12.3 

i -C4ivC4 
1.S 
1.12 
2.07 
1.90 
1.35 
1.64 
1.23 
l.OB 
1.05 
1.10 
1.06 
l.il5 
1.03 
1.37 
1.36 
1.51 
1.68 
1.41 
1.33 
1.51 
1.25 
1.26 
1.50 
1.54 
1.71 
1.92 
1.77 
1.82 
2.(r: 
2. lb 
1.74 
l.BS 
1.65 
1.:4 
1.78 
1.71 
1.53 
1.93 
1.9: 
1.67 
1.85 
1.87 
l.Bi~ 
1.61 
1.69 
1.74 
1.32 
1.6: 

N.B. 1. 6AS CONCENTRATIONS EXPRESSED IN PPH (VOL. 6ASIVOL. SEDIHENT) 
2. bd1 = BELOW DETECTION LIHIT 



i . 

/ * 

WELLNAHE = BRIDGEWATER BAY I! 

DEPTH(r) HETHANE ETHANE PROPANE ISOBUTANE PUTANE Cl-C4 c2-c4 WETNESS c5-c7 
3350.0 654.8 88.0 103.1 35.3 21.8 902.9 248,2 27.5 13.2 
3360.0 792.7 139.3 152.2 46.5 27.8 1158.4 365.7 31.6 16.5 
3370.0 1265.4 229.5 205.2 53.6 30.1 1783.7 516.3 29.1 16.3 
3380.0 768.4 110.4 99.2 29.9 17.1 1024.9 256.6 25.0 12.3 
3390.6 1012.6 135.4 141.0 43.0 25.5 1357.5 344.5 25.4 18.3 
‘ilOO. 0 568. i 115.3 100.2 29.9 16.6 1170.1 262.0 22.4 11.3 
34lil.O 275.5 151.1 472.3 191.6 l&4,7 1255.3 979.8 78.1 142.G 
3420.0 1563.1 264.2 168.4 31.0 18.1 2044.7 481.6 23.6 13.8 
3430.0 1857.9 285.7 202.2 47.5 34.8 2468. b 570.7 23.1 26.4 
3440.0 1655.6 240.5 172.0 38.9 26.9 2133.9 478.3 22.4 19.0 
3450.0 100.0 18.6 15.6 3.6 2.6 140.4 40.4 28.8 1.8 
3460.0 644.9 80.7 69.1 li.5 11.1 823.3 178.4 21.7 i.3 
3470.0 1467.8 163.5 124.6 29.5 21.4 1807.2 339.4 le.8 lb.9 
34&G. ir 1852.8 250.5 188.2 39.4 30.9 2361.8 509.0 21.6 22.8 
3490.0 12Bb.b 160.7 100.3 20.9 14.1 1582.6 296.0 18.7 lit. 9 
3500.0 955.2 120.6 79.5 17.6 11.0 1183.9 228.7 19.3 7.9 
3510.0 2317.0 341.1 241.9 4i,b 39.1 2986.7 669.7 22.4 23.4 
352ij.0 1532.3 228.i 160.2 26.7 19.2 1967.1 434.8 22.1 14.5 
3530.0 970.3 128.3 101.2 22.9 18.3 1241.1 2?0.7 21.8 13.8 
3540.0 24b2.8 342.2 226.0 39.7 32.7 3103.5 640.7 20.6 21.7 
3560.0 57i.G 5067.2 416.3 85.6 103.3 6243.4 5672.4 50.9 1368.5 
3570.0 1092.4 209.1 208.4 53.9 45.9 1589.7 497.2 31.3 77.0 
35ecl. 0 894.1 217.3 333.7 62.6 83.3 1556.0 696.8 43.7 111.7 
.:;yr:r, 0 366.1 46.6 87.2 15.2 17.3 532.4 166.3 31.2 32.5 
3600.0 285.8 51.2 139.8 28.3 31.4 536.5 25il. 7 46.7 38.2 
36li1.0 188.7 21.3 47.4 8.0 10.2 275.7 87.6 31.5 33.8 
3620.0 131.7 22.3 51.9 7’ .I 11.2 225.0 93.2 41.4 38.3 
3630.0 228.2 30.4 43.8 6.2 8.6 317.2 es. 0 28.1 36.6 
3640.0 984.6 221.5 221.1 31.5 98.8 1557.5 572.5 36.8 li~8.4 
365O.ti 1066.6 211.6 259.5 47.9 105.3 1650.8 624.2 36.9 133.6 
3bbi).O 823.3 175.5 196.5 34.9 81.6 1311.7 488.5 37.2 101.5 
3670.0 lOb6.0 2Oir. 7 143.6 15.7 63.9 1489.9 423.9 28.5 132.9 
3&&i). 0 2636.4 570.6 485.2 il.? 257.3 4G21.4 1385. i 34.4 342.1 
369cr.O 824.8 165.0 146.0 21.5 62.6 1219.9 355.1 32.4 65.9 
37OG. 0 166.4 36.3 34.2 5.5 20.6 263.0 96.6 36.7 34.5 
3710.0 1106.2 209.3 168.8 26.1 73.9 1584.0 477.8 3fi. 2 75.9 
3720.6 947.7 209.2 192.2 29.5 98.8 1477.4 529.7 35.9 144.i 
371iO. 0 559.1 115.3 86.5 12.2 30.0 803.2 244.1 30.4 54.6 
3740.0 1735.0 315.4 2li. 9 27.1 95.0 2385.3 650.3 27.3 54.3 
3750.6 113O.S 140.0 92.9 14.1 33.8 1411.4 280.9 19.9 73.1 
3760.0 621.0 74.2 61.2 10.5 22.0 785.0 168.O 21.3 46.7 
377rJ. 0 344.2 44.6 30.3 6.1 12.6 445.8 101.6 22.8 37.5 
37&Q. 0 650.8 89.1 68.7 11.6 30.5 850. B 200.0 23.5 55.6 
3790..0 994.5 184.3 145.3 22.7 69.6 1416.4 421.9 29.8 101.6 
3800.0 1666.4 197.7 144.7 19.7 56.6 1485.2 418.7 2e.2 83.8 
3810.0 907.7 146.3 114.5 18.7 44.8 1231.9 324.3 26.3 65.9 
3820.0 1385.4 295.8 286.7 44.3 137.2 2153.5 768.1 35.7 lb?.? 
3630.0 1492.3 306.5 230.1 35.9 106.0 2172.8 b&O. 4 31.3 127.1 

TABLE 1 (contl 

HEADSPACE ANALYSIS DATA 

DATE OF JOB = JANUARY 1984 

i-C4/n-C4 
1.62 
1.67 
1.78 
1.74 
1.69 
1.80 - 
l.lb 
1.71 
1.37 
1.45 
1.42 
1.58 
1.40 
1.28 
1.46 
1.59 
1.22 
1.39 
1.25 
1.22 
0.83 
0.74 
0 7r .JJ 
0.88 
0.9O 
il. 78 
O, 05 
0.72 
0.32 
0.45 
0.43 
0.25 
ir.28 
0.34 
6.27 
0.35 
0.30 
0.41 
0.20 
0.42 
0.48 
0.49 
il.38 
0.33 
0.35 
0.42 
il. 32 
I:,. 34 

N.B. 1. 6AS CONCENTRATIONS EXPRESSED IN PPH (VM. GAWOL. SEDIHENT) 
2. bd1 = BELOW DETECTION LIHIT 



WELLNAHE = BRIDGEWATER PAY #1 

DEPTH(r) HETHANE ETHANE PROPANE 
3840.0 1825.0 339.3 217.1 
3850.0 1558.4 288.2 188.1 
3Bbii. 0 10ti7.c 215.2 149.2 
387G.0 1175.3 177.6 110.0 
3880.0 1586.9 320.0 221.2 
3890.0 1187.0 241.7 149.8 
3900.0 2484.0 498.6 321.1 
3910.0 1514.6 280. b 185.2 
3920.0 888.7 150.5 59.8 
3936.0 1827.6 322.5 220.8 
3940.0 2722.0 405,3 235.7 
3950.0 2322.7 322.1 180.3 
3960.0 1560.2 225.1 147.0 
3970.0 1820.7 268.3 145.5 
3986.0 1738.9 236.3 113.5 
399G. 0 1238,s 148.3 73.5 
4GOG. 0 2G31.3 254.5 1ll.O 
4OlG. (1 2899.3 389.9 194.3 
4020.0 2856.8 296.7 152.6 
4i!3G. 0 939.9 77.8 59.0 
404G. 0 529.1 46.2 37.0 
4050.0 562.3 54.0 52.3 
406G. 0 3377.5 282.0 234.3 
4070.0 1844.7 196.6 152.7 
4080.0 1077.8 85.5 82.6 
409iJ.o 1773.0 140.8 138.5 
4100.0 4G7.3 70.1 113.8 
4110.0 lb&. 4 54.9 40.9 
4120.0 258.2 54.3 59.4 
4130.0 405.8 7G.8 65.6 
4140.0 55G. 8 93.G 91.7 
4150.0 434.4 75.b 64.7 
41bG.0 240.8 37.i 33.9 
417ir.o 247.1 44.9 43.9 
4180.0 197.3 31.6 33.4 
419G.O 349.8 82.8 74.6 
4200.0 478.9 58.5 52.9 

TABLE 1 (cod) 

HEADSPACE ANALYSIS DkTA 

ISOBUTANE 
26.0 
25.G 
18.7 
12.3 
27.3 
20.0 
40.5 
23.9 
14.1 
39.6 
32.9 
29.4 
c+# 
Lb. 1 C 

23.6 
15.6 
10.2 
14.3 
28.3 
21.8 
10.1 
6’ 

11:; 
32.1 
21.4 
12.5 
21.7 
21.1 
3.8 
7.3 
7.2 
8.4 
6.0 
3.9 
5.5 
4’ rJ 
9.1 
6.0 

BUTANE Cl-C4 CZ-C4 XWETNESS c5-c7 
89.8 2498. ii b73, G 26.9 117.8 
69.4 2129.2 570.8 26.8 88.0 
69.9 1540.0 453.0 29.4 102.3 
46.7 1516.0 340.7 22.5 51.0 
92.9 2248.3 661.4 29.4 105.1 
63.8 1659.4 472.4 28.5 61.2 

153.1 3497.4 lG13.3 29.0 171.5 
80.2 2084.5 570.0 27.3 92.4 
4G.6 1193.b 3G4.9 25.5 42.2 

112.7 2523.3 695.6 ii,& 148.1 
93.0 3492.9 771.0 22.1 59.6 
81.7 2936.2 613.6 20.9 97.6 
74.5 2032.7 472.5 23.2 100.9 
67.7 2325.8 505.1 21.7 8i.O 
47.5 2151.5 413.0 15.2 59.6 
27.5 1497,7 259.2 ii.3 3:. 3 
43.9 2454.9 423.7 17.3 42.9 
82.5 3594.2 654.9 lP.3 eb. 9 
65.3 3392.5 535.8 15.6 74.3 
2j.i 1110.4 170.5 15.4 33.8 
lb.7 635.6 106.5 16.8 3G. 3 
26.0 706.3 143.9 20.4 36.4 
49.9 3975.8 598.3 15.0 63.ir 
43.0 2258.3 413.6 18.3 129.5 
24.2 1282.5 204.! 16.0 32.4 
41.8 2115.6 342.6 lb.2 55.6 
38.5 656.8 249.5 38.0 42.1 
8.G 576.1 lG7.6 18.7 21.G 

14.8 354.0 135.8 34.5 29.6 
lb.5 566.0 160.2 28.3 65.5 
16.6 760.5 209.7 27.6 23.0 
12.0 592.0 158.3 26.7 18.0 

8.6 324.5 84.1 25.9 20.6 
13.3 354.6 107.5 30.3 38.5 

5.5 276.4 79.1 28.6 21.0 
16.6 532.9 183.1 34.4 25.0 
13.0 605.3 13G.S 21.4 31.5 

I 

DATE OF JOB = JANUARY 1984 

i -C4 In-C4 
0.30 
0.3b 
0.27 
0.50 
0.29 
0.33 
0.26 
0.30 
0.35 
0.35 
0,X 
0.36 
0.35 
0.35 
0.33 
1 vv u , 2 / 
(I. jj 
0.34 
0.33 
(I.42 
0.40 
0.45 
O,b4 
0.50 
0.51 
G. 57 
0 CC 

. JJ 

0.46 
G.59 
0.44 
0.51 
0.50 
6.46 
it,41 
G.4kl 
0.55 
0.46 

N.B. 1. 6AS CONCENTRATIONS EbFhESSED IN PF'H (VOL. 6AS;VOL. SEDItlENTl 
2. bd1 = BELOW DETECTION LIHIT 



TABLE 2 

ROCK-EVAL PYROLYSIS DATA (two run) 

WELLNAHE = BRIDGEWATER BAY I! DATE OF JOB = FEBRUARY 1984 

DEPTH(r) THAX 
2700.0 
2750.0 
2800.0 
2850.0 
29OG. 0 
2945.0 
3(lljij, # 
3050.0 
3100.0 
315G. 0 
3200.0 
3250.0 
3300.0 
3350. G 
3400. c? 
3450.0 
3500.0 
3550.0 
3bOG.O 
3650.0 
3700.0 
3750.0 
3800.0 
385G. 0 

I 39OG. 0 
i : 3950.0 

4000.@ 
4045.0 
4 100 , 0 
4150.0 
4200.0 

421 
483 
530 
428 
501 
536 
502 
505 
474 
433 
508 
435 
436 
454 
435 
436 
428 
434 
429 
431 
427 
430 
429 
431 
432 
429 
429 
427 
428 
426 
431 

THU. = Hax. temperature S2 Sl = Volatile hvdrocarbons (HC) s2 = HC oeneratino potential 
Sl+SZ = Potential vield s3 = Organic carbon dioxide PI = Production index 
PC = Pyrolvsabie carbon TOC = Total organic carbon HI = Hvdrogen index 
Oi = Oxvaen Index nd = no data 

Sl s2 53 Sl+S2 52X3 PI PC TOC HI 01 
0.66 1.76 1.23 2.42 1.43 0.27 0.20 1.18 149 104 
0.13 0.63 0.24 0.76 2.63 0.1: 0,Ob 1.12 56 21 
0.13 0.67 0.27 0.80 2.48 0. lb 0.07 0.94 71 28 
0.13 0.30 0.20 0.43 1.50 0.30 0.04 1.06 28 18 
0.17 1.46 0.64 1.63 2.28 0.10 0.14 1.31 111 48 
0.22 2.66 0.63 2.88 4.22 0.08 0.24 1.26 211 50 
0.21 1.03 0.62 1.24 1.66 0.17 0.10 1.36 75 45 
0.25 1.71 0.70 1,96 2.44 0.13 O.lb 1.31 13G 53 
0.21 0.86 0.46 1.07 1.87 9.20 0.09 1.26 68 36 
0.15 0.66 0.61 0.85 1.08 0.22 0.07 1.46 45 41 
0.26 1.39 0.86 1.65 1.62 0.16 0.14 1.19 116 72 
0.18 0.68 0.58 0.86 1,17 0.21 0.07 1.29 52 44 
0.30 1.06 0.57 1.36 1.86 0.22 0.11 2.93 36 19 
0.24 1.02 0.53 1.26 1.92 0.19 0.10 1.86 54 28 
0.25 0.68 0.44 Ii.93 1.55 0.27 0.08 1.19 57 36 
OS33 0.73 0.61 1.06 1.20 0.31 0.09 1.23 59 45 

*o. 30 0.38 0.35 0.68 1.09 0.44 0.06 0. BE 43 39 
2.72 1.40 0.75 4.12 1.87 0.66 0.34 1.55 90 48 
2.64 8.58 1.58 11.22 5.43 0.24 0.93 3.57 240 44 
2.45 1.42 1.10 3.87 1.29 0.63 0.32 1.13 125 97 
0.63 0.71 0.59 1.34 1.20 0.47 0.11 0.97 33 60 
3.76 77.34 5.46 81.10 14.16 0.05 6.73 11.82 654 4b 
1.60 21.86 2.50 23.46 8.74 0.07 1.95 4.22 518 59 
2.77 45.11 4.94 47.88 9.13 0.66 3.97 7.01 643 7if 
0.65 1.82 0.67 2.51 2.72 0.27 0.21 1.24 146 54 
1.41 12.33 1.16 13.74 10.63 0.10 1.14 2.57 479 45 
0.94 5.40 1.06 6.34 5.09 0.15 0.53 1.73 312 61 
1.14 9.38 1.91 10.52 4.91 0.11 O.B! 2.26 415 84 
3.13 21.08 3.00 24.21 7.03 0.13 2.01 4.78 441 62 
0.71 3.36 1.10 4.07 3.05 0.17 0.34 0.98 342 112 
3.82 51.60 5.14 55.42 10.04 0.07 4.60 9.55 540 53 



THEORY AND METHODS 

July, 1983 

This section details a series of geochemical methods which are commonly used in our laboratory, including 
those used to obtain the data presented in this report. Where applicable, the discussion is accompanied by 
a summary of the general theory used to interpret the data generated by each method. 

1. SEDIMENTARY GAS ANALYSIS 
a) tieadspace Analysis 

Headspace analysis is carried out using sealed containers (usually tinned cans) of wet cuttings. The 
containers are approximately three quarters filled with the cuttings and water to leave an appreciable 
headspace into which volatile hydrocarbons contained in the cuttings diffuse. 

After covering about lcm* of the container lid with liquid silicone and allowing the silicone to dry, 
the procedure involves placing a small hole in the lid through the silicone, then sampling an aliquot 
of the headspace gas with a gas injection syringe, and finally gas chromatographing this sample of gas 

under the following conditions: instrument - Shimadtu CC-8APF; column - 6’ x l/8” Chromosorb 102; 
column temperature - IlO’C; carrier gas - nitrogen at 23mls/min; injector temperature - 1tO’C; detector 
temperature - 12O’C; analysis cycle - Cl-C, components are flushed from the column in the forward dir- 
ection and then the CS-C, compounds are removed from the column by backflushing. 

The integrated areas of peaks representing each of the C l-C, components of the headspace gas are compared 
to the areas of the corresponding components of a standard gas of known composition. The calculated 
amount of each component in the sample gas is adjusted for the total headspace volume and reported as 
ppm (parts of gas per million parts of sediment by volume). 

r- 
t ’ 
, 

, 
Data from headspace analysis is commonly used to identify the zone of oil generation by plotting gas 

wetness (Cz 4 L 4 -C /C -C ) expressr4 as a 8 against sediment burial depth. Gas containing appreciable quan- 
tities of C2-CA components, termed wet gas (Fuex, 1977), is generally considered to be gas associated 
with oil generation. In addition, the ratio of isomeric butanes can sometimes be used for assement of 
sediment maturity (Alexander et al., 1981). The amount of gas in sediments can be used to identify zones 
of significant gas generation and out-of-place gas (LeTran et al., 1975). 

b) Cuttings Gas Analysis 
This analysis is the same as Headspace Analysis with the exception that instead of analysing the gas in 
the container headspace, a known volume of the wet cuttings are transferred to the blender bowl of a 
Kenwood electronic blender with the lid modified to incorporate a septum, water at 75°C is added to leave 
a headspace of 160m1, and the mixture is blended at maximum speed for 2 minutes. Following a 2 minute 
settling period lml of the blending bowl headspace gas is analysed as described in section 1 a). 

It is recommended that for the most meaningful gas data both headspace and cuttings gas analysis are 
carried out. In such cases we provide tabulations of the headspace, cuttings gas, and combined head- 
space/cuttings gas data. Normally, the combined data is used for plotting purposes. 

I 
L ‘ 

2. SAMPLE PREPARATION 

a) Cuttings 
Cuttings samples are inspected by our qualified geological staff and then water washed according to the 
level of drilling mud and the lithology. In special cases (e.g. diesel contamination) it is necessary to 
lightly solvent wash samples. After washing, the samples are air dried, either sieved or picked free of 

cavings, and crushed to O.lmm using a ring pulveriser. 

b) Sidewall Cores 
Sidewall samples are freed of mud cake and any other visible contaminants, and are also inspected for 
lithologic homogeneity. For homogeneous samples, the minumum amount of material required for the reque- 
sted analyses is air dried and hand-crushed to O.lmm. For non-homogeneous samples, the whole sample is 
air dried and handcrushed to O.lmm. 

c) Conventional Core and Outcrop Samples 
These sample types are firstly inspected for visible contaminants, and where applicable, are freed of 
these contaminants to the best of our ability. 
samples are 1 ightly solvent washed. 

Commonly, the surface of conventional core and outcrop 
The samples are then crushed to approximately l/8” chips using a 

jaw crusher, air dried, and finally further crushed to O.lmm using a ring pulveriser. 

d) Petroleum/Aqueous Mixtures 

The most common sample type in this catagory are RFT tests containing oil, vater and mud. The mixture is 
placed in a separation funnel and allowed to stand for several hours which enables the petroleum and 
vater/mud fractions to separate. The neat petroleum is isolated by removal of the lower layer (water/ 

mud) from the funnel. To remove the last traces of water and mud, the neat petroleum is centrifuged at 
moderate speed. 

When the volume of petroleum accounts for only a very small part of the sample the method above is unsat- 
Isfactory and the pet ro 1 cum 5 solvent ext ratted from the mixt urc with dichloromcthane. 
rccovercd by careful cva pora ion of the so lvcnt from the organ ic layer. 

The petroleum is 



(ii) 
3. TOTAL ORGANIC CARBON DETERMINATION 

The total organic carbon value (TOC) is determined on the unextracted sediment sample. The value is 
determined by treating a known weight of sediment with hot dilute HCl for 1 hour to remove carbonate 
minerals, and then heating the residue to 17Oo’C (Leco Induction Furnace CS-044) in a atmosphere of 
pure oxygen. The carbon dioxide produced is transferred to an infra-red detector which has been cal- 
ibrated with a series of standards, and the microprocessor of the Leco unit then automatically calcu- 
lates the t TOC in the sample. To ensure reliable data a standard is run after every 10 samples, 
regular sample repeats are carried out,, and at least one blank determination is carried out for each 
batch of samples. 

The following scales are normally used for source rock classification based on 1 TOC data: 

Classif icat ion 

Poor 
Fair 
Good 
Very Good 
Excel lent 

Clastics Carbonates 

0.00 - 0.50 0.00 - 0.25 
0.50 - 1.00 0.25 - 0.50 

1.00 - 2.00 0.50 - 1.00 
2.00 - 4.00 1.00 - 2.00 

> 4.00 > 2.00 

4. ROCK - EVAL PY ROLY S I S 

Although a prelimenary source rock classification is made using TOC data a more accurate assessment 
accounting for organic source type and maturity is made by pyrolysis analysis. Two types of Rock-Eva1 
pyrolysis services are offered: “one run” which involves pyrolysis of the crushed but otherwise untr- 
eated sediment and “two run” which involves pyrolysis of both the crushed, untreated sediment and sedi- 
ment which has been rendered free of carbonate minerals by treatment with hot dilute HCl. The two run 
service offers considerably more reliable S3 data. 

The method involves accu rate1 y weighing approximately 1 
and subjecting it t o the foll owing pyrol ysis cycle: 

OOmg of the sampl l into a sintered steel crucible 

Stage (i) - Sample purged with helium for 5.5 minutes in unheated part of pyrolysis 

Ii furnace; 

Stage (ii) - 

Stage (iii) - 

Sample heated at 300°C for 3 minutes to liberate free petroleum (S1 peak); 

Sample heated from SOO’C to SSO’C at 25’C/minute to produce petroleum from 
kerogen (S, peak). The furnace is maintained at SSO’C for one minute. 
Carbon dioiide produced during this pyrolysis up to 390°C in the case of 
“one run” and SSO’C for “two run” is absorbed on a molecular sieve trap; 

‘? I i 
Stnge (iv) - During cool-down period the carbon dioxide produced during pyrolysis is 

measured (S3 peak). 

The units used for Rock-Eva1 data are as follows: 

S1’ S2’ SJ - 

T I 
INIX 

kg/tonne or tag/g of rock 

l C 

IlydroRen Index - s2 x 100 
m-l- 

Oxygen Index - s3 x 100 
m-l- 

Rock-Eva1 data is most commonly used in the following manner: 

(1) s1 - indicates the level of oil and/or gas already generated by the 

nccording to the fol lowtng scnle: 

Classif icat ion 

roar 
lalr 
(;ood 
Very Good 
Excellent 

(ii) Sl*S2- ref erred to as the genet iC potential this pa rameter is used 

rui k clauqif icat ion acco rtl Iny to the f01 low1 ng crlterln: 
for source 

Classification sl*s2 (rig/R or kg/tonne) 

0.00 - 1.00 
I.nn - 2.00 

2.00 - 6.00 

6.0fl - ln.On 

Poor 
Marginal 
Moderate 
C,OOd 

Very (;ood 
1 xccl lent 



(iii) 

i ’ . . 
f-1 
! i 
11 
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6. SEPARATION OF PETROLEUM INTO CONSTITUENT FRACTIONS 

-_ 
I’ I 

(iii) Sl/(Sl*S2) - this parameter is the production index (PI) which is a measure 
of the level of maturity of the sample. For oil prone sediments, 
values less than 0.1 are indicative of immaturity, the values 
increase from 0.1 to 0.4 over the oil window and values greater 
than 0.4 represent ovcrmaturity. For gas prone sediments, the 
PI data shows a relatively smaller change with increasing milturity. 

(iv) fmax - the tcmperaturc corresponding to the S2 maxima. This temperature 
increases with increasingly mature sediments. Values less than 
430°C are indicative of immaturity while values from 430/4x5 to 
460°C represent the maturity range of the oil window. Tmax values 
greater than 46O’C arc indicative of overmaturity. 

(iI HI, 01 - the hydrogen ((S2x100)/TOC) and oxygen ([S3x100]/TOC) indices when 
plotted against one another provide information about the type of 
kerogen contained in the sample and the maturity of the sample. 
Both parameters decrease in value with increasing maturity. Samples 
with large III and 
sanpl e:with low H 

ow 01 nre dominantly oil prone and conversely 
and large 01 are at best gas prone. 

tXTRACTlON OF SEDIMENT SAMPLES 

Crushed sediment (maximum of 250s) and 3OOmls of purified dichloromethane are placed in a 500ml con- 

ical flask and are then blended for ten minutes with a Janke and Kunkel Ultra-Turrax T45/2C high 

efficiency disperser. After a ten minute settling period the solvent is separated from the sediment 

using a large Buchner filtration system. The extract is recovered by careful evaporation of the 

solvent on a steam bath and weighed. The weight of extract is used to calculate t EOM and ppm EOM 

using the following formulas: 

Wt EOM (g) 
% EOM - 

x 100 

Wt Sediment Extracted (g) -I- 

Wt EOM (mg ) 
ppm EOM - 

Wt Sediment Extracted (kg) 

The following scale is used to classify the source rock richness of samples based on C12* extractables: 

Classification Epm Total Extract 

Poor 0 - so0 

Fair 500 - 1000 

Good 1000 - 2000 

Very Good 2000 - 4000 

Excellent > 4000 

Sediment extracts nnd crude oil or condensate samples are separated into saturate, aromatic and NSO 
(asphaltrnes plus resins) frsct ions by medium pressure liquid chromatography (MPLC). That part of the 

petroleum which is soluble in pentane is applied to the MPLC system via a sample loop and is then pumped 
using pentans to a partially activated silicic acid pre-column which prevents further movement of the 
non -hytlrncnrhon compounder. ‘I‘hr hyclrocu rhon componnnt q nrcr pumped furthnr to a Merck SL60 column where 

tl10 nnttrtntc ftnc t Icon Ia nbtnln~41 hy fnrwntJ flushIny find thr rromatlc fraction Ir rrcovercltt hy revcrac 

I lushlny. l’hiw rcrperat IIII~ p~~~cn~iure lb monitolod ubinp n refrnctlve Lnda~ datactor. l-0 llHnj’l~to III0 

scparntlon the pre-column is rrmovcd from the MI% system and flushed with dlchloromathnne: mathrnol 

(1:lO). This non-hydrocarbon fraction is combined with the pentane insoluble material which is not 

nppl icd to the MP1.C system, and is labelled as the NSO fraction. The neat fractions are recovered by 

careful removal of the solvent hy dlstlllntian and are wclghed. 

nd thn 

source 
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‘I’hc ComposItlon of the cxtructs can also provltlc Information about their lcvolr of maturity and/or 
source type [LoTrun ct. al., 1974; Phlllppi, 1974). Grncrully, marlnc extracts have rclativcly low 

concentrations of saturated and NSO compounds at low levels of maturity, but these concentrations 
Increase with increased maturation. Terrestrially derived organic matter often has a low level of 

saturates and large amount of aromatic and NSO compounds irrespective of tho level of maturity. 

N.B. If requested by a client the NSO fraction is separated into abphalentenes and resins by 
conventional methods. 

7. EXTRACTABLE/TOTAL ORGANIC CARBON RATIOS 

The ratios of EOM(mg)/TOC(g) and SAT(mg)/TOC(g) are determined from the appropriate data. The EOM 
(mg)/mc(g) ratio can bc used us a maturation Indiciltor, uspccially IC tha pilramatar is plotted 
against depth for a given sctlimcntary sequoncc. In mn absolute sonso It is less roliablo M Y  a 
maturat Ion lndlcator, although provious work (Tisrot ot. al., 1971; Lcl’ran ot. al., 1974) suggests 
that the following criteria can be used to determine maturity with this parameter: 

(50 Low maturity 
50-100 Moderato muturity 

‘100 Iliyh mllturi ty 

The ratios of EOM(mg)/TOC(g) and SAT(mg)/TOC(g) can be used collectively to provide information about 
source type. For example, if SOM(mg)/TOC(g) is alOO, suggesting a high level of maturity, but the 
SAT(mg)/TOC(g) (20 it is very likely that the organic matter is gas prone. Conversely, the same EOM 
(mg)/TOC(g) value with a SAT(mg)/TOC(g) value ~40 suggests oil prone source type. 

8. clZ+ GAS CHROMATOCMPtIY 

c12+ gas chromatography is commonly carried out on the saturate fraction but in certain instances is 

carried out on neat oil, condensate or extract. The analysis is carried out under the following con- 
ditions: instrument - Shimadru CC-9A; column - 50m x O.Zmm ID OVlOl vitreous silica; column tempera- 
ture - programmed from 6O“C to 28O’C at 4“C/min; injection system = Crob splitless using a 30 sec. 
dump time and split ratio of 2S:l; carrier gas - hydrogen at Zmls/min; injector temperature - 300.C; de- 
tector temperature = 310°C; recorder/integrator speed - O.Scm/min; Sample = 1~1 of O.SI soln in pentane. 

The 

(a) 

(b) 

(cl 

Cd) 

(0) 

following information is commonly obtained from C12+’ gas chromatographic analysis: 

n-Alkane Distribution - The C12-C31 _ n-alkane distribution is determined from the area under 
peaks representing each of these n-alkanes. This distribution can yield information about 
both the level of maturity and the source type (LeTran et. al., 1974). 

Carbon Preference Index - Two values are determined: 

CPI(1) - 

CPI(2) - 

(‘23 + c25 + C2, +  C2g)Wtt +  (C25 + C27 + c2g l C3l)Wt’ 

2 x (c24 + C26 + c28 + C3(,)Wt’ 

(‘23 + C25 l C2$Wt\ + (Cts + c27 + C2g)Wtl 

2 ’ (C24 + ‘26 + ‘28)Wt, 

The CPI is believed to be a function of both the level of maturity (Cooper and Bray, 1963; 
Scalan and Smith, 1970) and the source type (Tissot and Welte, 1978). Marine extracts tend 
to have values close to 1 irrespective of maturity whereas values for terrestrial extracts 
decrease with maturity from values as high as 20 but don’t usually reach a value of 1. 

c21+c22’c28+c29 - This parameter provides information about the source of the organic matter 
(Philippi, 1974). Generally, a terrestrial source gives values cl.2 whereas a marine source 
results in values Bl.5. 

Prlstane/Phytane Ratio - This value was determined from the areas of peaks representing these 
compounds. The ratio renders information about the depositional environment according to the 
following scale (Powell and McKirdy, 1975): 

<3.0 Relatively reducing depositional environment 
3.0-4.5 Reducing/oxidlting depositional cnvlronment 
>4.s Relatively Oxidizing depositional environment 

Pristane/;C1,Ratio - This ratio was determined from the areas of peaks representing these 

compounds. The value can provide information ohout both the dcpositional environment and 
the level of maturation (Lijmbach, 1975). Very immature crude oil has a prlstane/n-Cl, 
ratio >l .O, irrespective of the depositional environment. However, the following classifi- 
cation cun be epplied to mature crude oil: 

co.5 Open wirter depOsltl0nill environment 
0.5-1.0 M~xcd depositional environment 
j1.0 Peat-swamp deposltional environment 

In the case of sediment extracts these values are significantly higher and the following 
classification is used: 
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0.0 Open water deposition81 environment 
1.0-1.5 Mixed depositional environment 
>1.5 Peat-swamp depositional environaont 

(f) Phytune/n-ClgRatio - This rutio was dsterminod from the areas of peaks representing these 
compounds. The value usually only provides information about the level of maturity of 

petroleum. The value decreases with increased maturation. 

(Ill Rclativc Amounts of n-Alkoncs and Napht)enes - Since n-nlkanos and naphthonss are the two 

dominant classes of compounds in the saturate fraction, a semi-quantitative estimate of 

the relative amounts of these compounds can be made from saturate CLC’s. This information 

can be used to assess the degree of maturation and/or the source type of the petroleum 
(Philippi, 1974; Tissot and Welte, 1978). Very immature petroleum has only small propor- 
tions of n-alkenes, but as maturity increases the relative amount of t-alkanes increases. 
In addition, terrestrial petroleum has a greater proportion of high molecular weight 
naphthcnes than marine petroleum. 

9. API/SPECIFIC GRAVITY 

A specific gravity (SG) bottle was accurately weight.!, then filled with crude oil at 60°F and finally 

reweighed. The weight difference was divided by the weight of an equal volume of water at 60.F to 
obtain the specific gravity. The following formula was then used to calculate the API gravity: 

API Gravity - ( 141-s ) - 131.s 
(SGO 

The reported gravity value is the average of duplicate determinations. 

10. SULPHUR DETERMINATION 

The 1 sulphur by weight is determined by dissolving O.Sg of the petroleum in SOmls kerosene and then 
anolysing this mixture with an inductively coupled plasma (ICP) instrument which has been calibrated 
with a series of sulphur standards. 

This parameter is influenced by the nature of the soure material from which a crude is derived, the 
depositional environment of the source rocks, and reservoir alteration processed such as bacterial 

alteration. 

11. Cl-Csl WHOLE SAMPLE GAS CHROMATOGRAPHY 

This method of analysis is normally only applied to oil or condensate samples. The technique provides 

a “picture” of the sample which shows good resolution of the low, medium and high molecular weight 

components. Whole sample CC data is considered to be more useful than Cl*+ saturate fraction CC data 
for oil or condensate samples. 

12. 

The analysis is carried out under the same conditions as for the C,2 l GC analysis with the following 
0rcnpt Ions: colllmn I0mpornI ur(r - proyrammatl f mm 20’(: to 2AO’C n( 4.C/rln (usbm cryoganlc noclo); 
injactlon is corrlod out In split mode; snmplo - 0.1111 of neat petroleum. 

Cl-Csl analysis data can be used to obtain the same information as that obtained from C12+ CC but 
further provides detailed compositional data on the Cl-Cl1 fraction and enables calculation of the 

distillation range of the sample. 

MOI.I?CIII.AR S I KVli EXTRACTION 

This technique is used to isolate tho branched/cyclic alkanes from the saturate fraction for gas chroma- 
tography/mass spectronetry analysis. A mixture of saturates: 5A molecular sieves: purified benzene in 
the proportions 1:5:12 by weight is placed in a lOOm1 round bottom flask and refluxed for 24 hours. 
Aftor cooling, the sieves nrc filtorod from the liquid phase and are washed with 4 x 10ml aliquotr of 
hrnxcrncr , Ttrcr 1 Iq~tltl ptlarv t1111q wa*tllng~ are t repal nf t~(rnx*n* hy tttrt lllrt Ion yioltling he t~rrnr*htl/ 
cycle compounda. 

COMPUTERIZED GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) 

Gas chromatography/mass spectrometry employs a capillary column gas chromatograph linked in series with 
a mass spcctromctcr and tlotn system (X/MS/M). As molrculos aro elutcd from the capillary column thoy 
arc bird Into the nnalyser tube of tho mass spcctromctor whcrc they aro bomhardcd with high energy 
electrons and consequently fragment to form several ions each with molecular weights less than that of 

the p.lrcnt molecule. The fr;lpmrntnt Ion patter11 is thnroctcristic of the particular molecular type. 
The spectrum of these ions (referred to as a mass >pectrum) is recorded approximately once every second 
itint1 all of the mass spcctril rrcordccl dnrinR (I GC/M.S/I)S nnrrlysis arc’ mcmorlzed hy the d[ltn system. Since 
any given CI~IS~ n(’ molcculcs will t)Ic*.lk down III the llnirlyser tube to give one or more chnrrrcterlstic ion 

I’r;iKmc*rl( 5 01 Ltlclurl molrc lll:lr uc*i):ht , riftrr 41 (X’/M’,/llS :in:ily~is it I\ po~~illlr lo rxllminc* the ~IIstril~ution 
01 compounds wlthin a glvcn class by having the Jilta system reproduce u mass fragmcntogram (plot of ion 
conccnt rat Ion clgalnst gas chromatography retention t imr) representative of the particular class. 

--- -- _ _ __ _ -. - 
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(;C/MS/I)S snalyscs can ho c:lrrlcd oul using one of the following two modes of operation: 

(i) Acquire mode - in which all ions in each mass spectrum are memorized by the 
doto syrtom; 

(II) Srlrctlvr Ion 
are memorized 

monitoring (SIM) mode - 
by the dnte system. 

In which only soloctod Ions of Intorert 

At present the sterane/triterpane fraction of petroleum is considered most useful for GC/MS/DS analysis 
and therefore we commonly use the second of the above mentioned modes of operation and run the follow- 
inp twenty ions which arc pertinent to the sterane/triterpane fraction. 

I OII - 

177 

191 
205 
lb3 
.T 5 fl 
370 
384 
398 
412 
426 
183 
217 
218 
231 
259 
358 
372 
386 
400 
414 

Molaculor Type 

Demethylated triterpanes 
Normal triterpanes 
Methyl triterpnnas 
Specific dethylatad tritcrpenes 
I’nrcnt Ion - Czb trltcrpenos 
Parent ion - C2, triterpanes 
Parent ion - Ct8 triterpanes 
Parent ion - C29 triterpanes 
Parent ion - CXo triterpanes 
Parent ion - C31 triterpanes 
Isoprcnoids 
Normal steranes 
Normal steranes 
4-methyl steranes 
Diasteranes 
Parent ion - C2b steranes 
Parent ion - C2, steranes 
Parent ion - C28 steranes 
Parent ion - C29 steranes 
Parent ion - Cso steranes 

GC/MS/DS analysis of the sterane/triterpane fraction can often provide information about the maturity 
and source type of petroleum and whether it has been affected by microorganisms. This technique is 
also often useful for oil:oil and oil:source rock correlation. The following sections indicate which 
parameters are used to obtain this information and summarize the theory behind their use. 

Maturity 

(i) Base 

(al ed in sediments 
rat io of 
251 at the onset 

of about 501 

(b) The biologically produced aaa steranes are partially converted during 
catagenesis to the corresponding a88 series. The percentage of the C29 
a86 component in the total C29 steranes is another measure of maturation. 
The value of this parameter is about 25\ at the onset of oil generation 
and it increases exponentially to a value of about 701 at the peak of 
oil generation. 

(ii) Based on Triterpanes 

(a) The Csl, Cs2, C3,. C,4n and Cx5 hopanes have the biological R configur- 
ation at Cz2. On mild thermal maturation equilibration occurs to produce 
a 60/40 mixture of S/R. This equilibration occurs before the onset of 
oil generation. 

(b) The conversion of the biological 178,218 hopanes to the corresponding 
17~1,218 and 178,Zla compounds is also maturation dependent. 
triterpanes the ration of 

For Cso 
WE decreases steadily from a value of 

about 
peak 

0. 

oil 
4 at the 

generat i 
onset of oil generation to a value of 
on. 

0.1 at 

(c) Two of the C2, triterpanes can also bc used as maturity indicators. 
The ratlo of lBu(ll) trisnorhopane to ITa trisnorhopane increases 
exponent ial ly with increasing maturit) flom 3 value of approxlmatcly 
0.2 at the onset of oil Ecncrntion to approximately 1.0 at peak oil 
gcncrat ion. 

(d) It is our expe ricnce that the ratio of the C2, 18a (Ii) + C2, 17a(H) 
triterpanc ‘5 to the C 1,, 170,21~ triterp3nr i 5 maturity dependent. The 



tutlo docrocrrus lrom vulucr ur0unJ 1.0 ul the onsot 01 or1 yunurrrtron 

to a value of approximutaly 0.4 at peak 011 goncrution. With Incress- 
ing maturity at lcvclr grcrtbr thvn thut cqulvulcnt to puub. oil gcnur- 
ation the ratio increases steedily to values greater than 3.0. 

Source Type 

(i) 

(ii) 

Bused on Stcranes 
Algul orgunic matter contains staranos in which tho C2, compounds arc more abundunt than the 
C29 compounds, General marine organic matter has approximately equivalent nmounts of the C2, 
and C29 compounds while organic matter rich in land-plants usuelly has more of the C29 steranes. 

Based on Triterpenes 
The tritorpano components in potroleum can bo dorivcd from both buctcriu und higher plants. Tho 
common buctoriul products uro tho C2,.CJS h0p11110s und moratunur who~~oor tho hiyhor plant trltar- 
panes nre compounds other than hopanes or moretanes and nre commonly Cso compounds. 

(iii) Based on Diasteranes 
The diasteranes are not produced biologically but are formed during early diagenesis from sterane 
precursors. The diasterene ratios ‘27 (‘OR)and C2, (20R*20S) should reflect the naturo of the 

t (mTq 
organic matter In the same manner as ‘?hat outlin w’fr the steranes. 

Biodegradation 

It has been observed that in severely biodegraded petroleum the series of 
to a series of A ring demethylated hopanes and the C29 aaa(2OR) sterane is 
altered crudes which hove not been dugradcd to this cxtont the severity of 
gauged by studying the isoprenoid and aromatic frections. 
beyond a standard CC/MS/DS analysis. 

However, this t 

Correlation 

Our present approach to oil:oil or oil:source rock correlation problems is 

(i) Compare the distribution of compounds in the 177, 191, 217, 218, 259 and 400 
mass fragmentograms for an oil or sediment extract to the distribution of 

compounds in the respective fragmentograms for the other oil(s) or sediment 
extrect (s). It is necessary in this type of comparison to make allowance for 
small variations due to possible maturity differences. 

I 

(ii) 

14. 

normal hopane 8s nre converted 
selectively removed. For 
blodcgruduti on cun often bc 

ype of invest igation extends 

as follows: 

Examine the fragmentograms for peaks or sets of peaks which may represent com- 
pounds that are specific to the geological system under investigation. Normal 
steranes, diasteranes and bacterial hopanes cannot be used for this purpose 
beceuse they are present in virtually all crude oils and sediment extracts. 
However, compounds like higher plant triterpanes, l-methyl steranes, bisnor- 
hopane and botryococcane cnn often prove very useful for this purpose. 

CARBON ISOTOPE ANALYSIS 

The meesurement is cerried out on one or more of the following mixtures; topped oil; saturate fraction; 
uromatic fraction; NSO fraction. The organic muttor is combusted at 8bO.C in oxygen and the carbon 
dioxide formed is purified end transferred to an isotope mass spectrometer. The carbon isotope ratio is 
measured relative to a standard gas of known isotopic composition. In our case the standard gas is pre- 
purcd from the NBS No. 22 oil. However, since tho isotopic relationship between NBS No. 22 oil and the 
intornatlonal reforonca PUB limostono are known, tho values uro edjustad to bo rolatlvo to PDB llaortono. 

Although carbon isotope data has been commonly usod for oil to oil and oil to source rock correlation its 
most significant epplication is the identification of source of gas according to following criteria 
(Fuex, 1977): 

613C (PDB), Gas Type 

-85 + -58 Biogonic methane 
-58 + -40 Wot gur/arsociutod with oil 
-40 0 -25 Thormal rothano 

VITRINITE REFLECTANCE MEASUREMENT 

Vitrinite is a coal maceral which responds to increasing levels ot thermal maturity. This response cnn 
be measured by the percent of light reflected off a polished surface of a vitrinite particle emursed in 

011. Rcfloctlrnce mousulemcnt* urt- mudc on II numhc*r (40 if pohsiblu) of vrtrrnltc purtIclcy in ouch 

sample, in order to ertubllbh Y rvngu and meun for rcflectuncc values. lmavturc rocks hnvc low reflect- 

ant0 vulucs (0.2, HO t0 O.b\ HO), wlth muturc vulucb runglng from O.bl Ho to l.O\ Ho. Very muturc vulucs 

nre between 1.6% Ro and 2.41 Ro, while severly altered rocks have reflectances above 2.51 HO. 

Vltrlnlte reflectance results are best ohtalncd from coals or rocks deposited in environments receiving 

large influxes of terrestrially-derived organic matter. Unfortunately, these environments are not con- 

duclve to the accumulation of large quantities of oil-prone organic matter. Also vltrinlte reflectance 

cannot bc performed on rocks older than Devonlun Age, dlle 10 the absc.l,cc of land pl:lnts in the older 

geologic tlmc periods. 



16. VISUAL KEROCEN 

Visual kerogen assessment is carried out by the coal petrologist and/or the palynologist. In the case of 
the petrologist the assessment is made in reflected light using the plug prepared for vitrinite reflect- 
ance measurement, and reports the relative amounts of alpinite, exinite, vitrinite and incrtinits 
particles. 

Visual study of kerogen by the palynologist is carried out in transmitted light and can indicate the 
relative abundance, size, and state of preservation of the various recognizable kerogen types and hence 
indicates the source cheractcr of a scdimentory rock. In addition, the color of the karogcn is related 
to the thermal maturity of the sediments and is often used as a maturation indicator. 

The preparation of slides for visual kerogen assessment by the palynologist firstly involves concentra- 
tion of the organic matter by removal of the rock matrix using hydrochloric and hydrofluoric acid 
treatment and heavy liquid separation. The organic concentrate is then mounted on a glass slide using 
Petropoxy. 
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of fluorescence 
index values 
dizing depositiona$l 

but the lack 
low hydrogen 

kerogen's oil 

Total organi 

range. 

rock appears to 
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A very high Sl pyrolysis peak in core 2733 meters may suggest an 
oil reservoir, migration pathway, or contamination. The production 
index (Sl/(Sl + S2) and the thermal extraction index (Sl x lOi)j/TCC 
generally indicate both increasing maturity and generation with 
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increasing depth. These data are consistent with the TAI (spore 
color) and Ro (vitrinite reflectance) maturity information. The 
hydrogen index values are low for all 13 samples. These figures again 
are consistent with the visual observations in which a combination of 
non-fluorescent, probably oxidized amorphous algal kerogen and land 
derived gas-prone kerogens indicates a low potential for liquid hydro- 
carbons. 

Vitrinite quality in sample 4175 meters is poor and therefore 
the confidence in the data obtained is low. 

Figures and Tables included in this report include: 

Figure 1. Thermal alteration and source rock potential plot. 

Figure 2. Pyrolysis results plot. 

Figure 3. Log % reflectance, unedited vitrinite data plot. 

Table 1. Thermal alteration and source rock potential data. 

Table 2. 

Approved: 

DLP/sjb 

cc: W. E. Ryker 



PE902248 

This is an Enclosure indicator page. 
The enclosure PE902248 is enclosed within the container PE900161 

at this location in this document. 

The enclosure PE902248 has the following characteristics: 
ITEM-BARCODE = PE902248 
CONTAINER-BARCODE = PE900161 
NAME = Bridgewater Bay 1 Figure 1 (Appendix 

8) Thermal alteration And Source Rock 
Potential 

BASIN = OTWAY 
TYPE = WELL 
SUBTYPE = DIAGRAM 
DESCRIPTION = Bridgewater Bay 1 Figure 1 (Appendix 

8) Thermal alteration And Source Rock 
Potential 

W-NO 
WELL-NAME 
CLIENT-OP-CO 

= W831 
= BRIDGEWATER BAY-l 
= PHILLIPS AUSTRALIAN OIL 
COMPANY 
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PE902249 

This is an Enclosure indicator page. 
The enclosure PE902249 is enclosed within the container PE900161 

at this location in this document. 

The enclosure PE902249 has the following characteristics: 
ITEM-BARCODE = PE902249 
CONTAINER-BARCODE = PE900161 
NAME = Bridgewater Bay 1 Figure 2 (Appendix 

8) Pyrolysis Results 
BASIN = OTWAY 
TYPE = WELL 
SUBTYPE = DIAGRAM 
DESCRIPTION = Bridgewater Bay 1 Figure 2 (Appendix 

8) Pyrolysis Results 

W-NO 
WELL-NAME 
CLIENT-OP-CO 

= W831 
= BRIDGEWATER BAY-l 
= PHILLIPS AUSTRALIAN OIL 
COMPANY 
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FIGURE 3 

EPS REPORT #2524L 
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